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ABSTRACT 
A questionnaire was developed to evaluate driver-vehicle 
factors in the pre-crash phase. Driver, vehicle, and environ- 
mental faults were identified, and the information needed to 
avoid the crash was determined. Twenty Multi-Disciplinary 
Accident cases were evaluated by 14 raters and the information 
needed by drivers to have aided them in avoiding the crash were 
categorized as: (1) warning of impending vehicle failure, 
(2) training in vehicle-handling, (3) driver education of acci- 
dent predisposing situations, (4) knowledge of the distance and 
relative speed with respect to other vehicles or objects, and 
(5) road signing and hazard marking. Appropriate c:ountermeasures 
can be taken to reduce vehicle accidents based on these infor- 
mation needs. 
High rater response consistency and discrimination among 
the characteristics of the cases was obtained. Raters were able 
to use the questionnaire reliably with little training. 
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INTRODUCTION 
The aims of this project were to develop a simple means 
of evaluating the driver-vehicle factors in the pre-crash phase 
of collisions, to structure hypotheses of driver-vehicle perfor- 
mance failures, and to suggest appropriate countermeasures to 
prevent accidents from occurring, 
In order to obtain our objective it was first necessary to 
determine the circumstances leading up to the accident (the pre- 
crash phase). These were the circumstances we sought to change 
so the accident would never occur. Consequently, we did not 
look at the history of accidents beyond the initial collision, 
thus excluding occupant injury, secondary crashes, safety device 
effectiveness, and vehicle damage. Numerous studies are avail- 
able of these aspects, which are emphasized in current multi- 
disciplinary accident investigation (MDAI) team reports. A 
review of previous attempts to evaluate the pre-crash phase of 
collisions was first conducted. 
Cautiousness is emphasized in investigating accident causa- 
tion and reconstruction. In The Causes and Prevention of Road 
Accidents (Cohen & Preston, 1968) the writers stated "it is 
generally pointless to consider the 'cause' of an accident or 
even the 'causes,' because some of the important factors are 
still likely to be overlooked, but it is possible and useful to 
consider how accidents can be prevented." Baker (1960) points 
out that the information available, the ability to recognize signs, 
the knowledge of basic princip;es, and the skill and experience 
of the investigator determine how accurately it is possible to 
estimate pre-crash variables such as speed or position. 
The task of accident causation and reconstruction is simpli- 
fied somewhat by division into three categories - the driver, 'the 
vehicle and the environment. The percentage of accidents attri- 
butable to each of these factors varies from one report to 
another and depends on the subset of the accident population 
being investigated, the purpose of the investigation, and the 
experience and bias of the investigator, 
In a Summary of 1968-1970 Nulti-disciplinary Accident 
Investigation Reports (1972) a total of 448 cases were analyzed. 
In those cases where information processing failure was reported 
on the part of the driver, 23% were perception/comprehension 
failures, 52% were decision failures, and 25% were action errors. 
The primary reasons for these driver behaviors were consumption 
of alcohol (156 cases), inattention or distraction (83 cases) 
physical incapacitation (32 cases), driving inexperience (25 cases), 
and risk-taking behavior (147 cases). 
Vehicle factors were reportedly much less involved than 
human factors. Brake (27 cases) and tire (51 cases) failures 
were most frequent followed by improper or inadequate mainte- 
nance (17 cases). Environmental factors contributed to colli- 
sions slightly more frequently than vehicle factors. Primary 
factors were wet pavement (70 cases), inadequate signing (34 cases), 
inadequate roadway maintenance (34 cases), and inadequate sight- 
distance (31 cases). 
In another study the driver was also most often found to be 
the causal factor in an accident. Fifty-nine percent of accidents 
investigated by Clayton (1971) were attributed to driver errors 
such as failure to look or excessive speed. Another study (King, 
1960) attributed 70% of accider-ts to human causal factors. 
Blossom (1958) felt that the uLderlying causes of accidents are 
not drunken driving, speeding, etc., but anxiety, preoccupation, 
etc, According to Ross (1960) the two main reasons accounting 
for unawareness of a collision course are delayed perception apd 
erroneous prediction. Thedie (1958) discusses the probability of 
an accident occurring based on the given circumstances at a given 
moment and their probability of contributing to an accident. 
A study of employees of the Toyota Motor Company (Shingui, 
1971) who were involved in traffic accidents, concluded that 96% of 
direct causes were human error, primarily errors of perception 
rather than information, judgment or action by the driver with 
greatest responsibility for the accident; 2% were vehicle mal- 
functions; and 2% were due to environmental factors. In terms 
of indirect causes, 76% were mostly due to misjudgment by the 
driver that the other vehicle would stop; 11% to vehicle mal- 
functions, with indistinct brake lamps being the most frequent 
cause; and 13% to environmental factors such as visual obstruc- 
tions. A lack of mutual communication occurred in 92% of the 
accidents involving more than one vehicle. Rear-end collisions 
were most numerous, followed by side contact. In comparing the 
accident involved group with a non-accident involved group, the 
accident involved group scored lower on forecast ability, posi- 
tiveness for work, humanity, observance of rules, and self- 
controllability. The author concluded that 60% of all accidents 
are caused by unconscious psychological processes while only 40% 
can be attributed to conscious behavior. 
The Baylor College of Medicine (Finch, 1971) gave psycho- 
logical tests to drivers involved in accidents. It was reported 
that of the 22 (44%) judged to have abnormal personalities, 20 
were ticketed. Of the 28 drivers diagnosed as psychologically 
normal, only five were judged at fault in the crash. The study 
concluded that an individual with a poor psychiatric diagnosis 
is more likely to be at fault in a crash. 
The same study found that vehicle defects contributed to 
two (4%) accidents in automobiles less than two years old. 
However, a previous study (Finch & Smith, 1970) with vehicles 
three years and older found 76% had defects which caused or % 
contributed to a crash. The defects found on these older cars 
were a product of subsystem degradation through prolonged use, 
Road and environmental factors which the study reported as 
being contributory to accidents were:inadequate or absent traf- 
fiz markings or signals, faulty street surfaces or shoulders with 
rijid objects too close to the roadway, inadequate coefficient 
of friction, obstruction of vision, poor traffic funneling, and 
fog. These factors were involved in 58% of the cases. 
Some other factors observed in this study during the pre- 
cr,ash phase were:traffic patterns and conditions, assumptions 
made by drivers, points on the road where danger of collision 
was first recognized, decisions and subsequent actions by drivers, 
obstructions to adequate viewing, distractions (in and outside 
the vehicle), and braking and steering activities of drivers. 
Another study of 50 accidents (Fairchild - Hiller, 1968) 
fo~nd the causal factors in descending order of importance to be 
vehicle failure, street or highway failure, driver incompetence, 
and deliberation based on malice or physical depression. . 
White (1969) devoted an entire book to mechanical design 
defects and mechanical failures. Among the topics discussed 
are investigating procedure, accident reconstruction, tires, 
payload limits, and brakes. 
The Highway Safety Foundation (1971) reviewed 390 multi- 
disciplinary accident investigations and found 37 were caused 
by vehicle factors. Each vehicle factor was dichotomized into 
whether the "failure" or "accident productive feature" was 
"foreknowable" or "unforeknowable." "Foreknowable" factors are 
a subset wherein the capability for manifestation can be recog- 
nized by either: (1) analysis of vehicle design, manufacture, 
or use; or (2) formal or informal vehicle inspection. Examples 
of "foreknowable" factors in the brake system would be: low 
fluid level, maladjustment, or glazed linings. "Unforeknowable" ' 
factors are defined as "a subset of vehicle factors not contained 
in the 'foreknowable' vehicle factors." An example of an unfore- 
knowable" factor in the brake system would be a ruptured hose. 
Vehicle factors classified by foreknowledge and capability (i.e., 
the manner in which the problem originates) are shown in Table 1. 
From the table it is observed that most of the vehicle factors in 
accidents were foreknowable, and furthermore could be corrected 
prior to private ownership. This system of analysis of vehicle 
factors is used to suggest the cost-benefit of particular counter- 
measures, such as periodic vehicle inspection. 
Support for the HSF report is given by two other articles 
suggesting that the primary vehicle defect causing accidents was 
degraded brakes  i inch & Smith, 1970), and that motor vehicle 
inspection saves lives (Buxbaum & Colton, 1966). 
In Causes and Effects of Road Accidents (1969) each of the 
drivers involved in an accident was assessed to determine if he 
had made an error in his behavior on the road. The model for 
good behavior was the British Highway Code, and any contravention 
of the code was deemed to be an error. The error categories 
decided upon were those based on sensing and information process- 
ing: (1) failure to look (FL) , (2) error of misperception (M) , 
and (3) unknown perceptual error (UP). If the driver perceived 
correctly all the relevant sensory cues then one or more of the 
following errors of decision and implementation could have occurred: 
(4) excessive speed with regard to conditions ( E S ) ,  ( 5 )  panic 
reaction (PR) , (6) other error of decision (OED) , (7) error of 
implementation (I), (8) other errors (OE) , (9) unknown errors (UE) , 
and (10) no error (NE). Table 2 indicates the incidence of error 
categories for the driver sample, and Table 3 shows the distri- 
bution of errors based on the maneuver. In Table 4 the propor- 
tion of error and non-error road users in each group was corn- 
pared with the proportion expected in terms of the total sample. 
The hypothesis was that those maneuvers in which the road user 
had the right-of-way would be less likely to be associated with 
an error and vice versa. Going through a junction (intersection) 
TABLE 1. Vehicle Factors Classified According to Foreknowledge 
and Capability (from Highway Safety Foundation 1971). 
*Note: Frequencies  a r e  shown i n  p a r e n t h e s e s .  
C a p a b i l i t y  
I n t r i n s i c  
Emerging 
I n s t a n t a n e o u s  
I n t r i n s i c  F a c t o r s  a r e  d e f i n e d  a s :  "The s u b s e t  o f  v e h i c l e  f a c t o r s  
c o n t a i n i n g  e lement  c h a r a c t e r i s t i c s  wherein  t h e  c a p a b i l i t v  f ~ r  
assuming t h e  r o l e  of a  v e h i c l e  f a c t o r  i s  found uniformly 
th roughout  t h e  l i f e  of t h e  v e h i c l e . "  
Einerging F a c t o r s  a r e  d e f i n e d  a s :  "The s u b s e t  o f  v e h i c l e  f a c t o r s  
c o n t a i n i n g  e lement  c h a r a c t e r i s t i c s  wherein  che c a p a b i l i t y .  f o r  
assuming t h e  r o l e  of  a  v e h i c l e  f a c t o r  i s  nonuniform through- 
o u t  t h e  l i f e  of  t h e  v e h i c l e  and where t h e  d e q r e e  of  c a p a b i l i t y  
changes i n  a  con t inuous  r a t h e r  than  d i s c r e t e  manner t o  the 
e x t e n t  t h a t  i n d i c a t i v e  measurements a r e  p o s s i b l e  w i t h i n  p r e s e n t  
technology.  " 
Foreknowable 
E x t e r i o r :  
Color  (1; * 
L i g h t i n g  System: 
S i z e ,  Design ( 2 )  
Mi r ro r  System: 
Bl ind Spot  ( 2 )  
A c c e l e r a t i o n  System: 
High I d l e  Speed (1) 
Peda l  Stack (1) 
Brake System: 
Leaks ( 5 )  
Maladjustment ( 5 )  
Low F l u i d  Level  ( 2 )  
Broken P a r t s  (1) 
Glazed L in ing  (1) 
Exhaust  System: 
Leaks (1) 
L i g h t i n g  System: 
Broken Lens, Bulb ( 2 )  
Maladjustment (?. , 
M i r r o r  System: 
Maladjustment (1) 
S t e e r i n g  Sys tern: 
Looseness ( 2 )  . 
Suspension System: 
Worn Shock Absorbexs ( 2 )  
T i r e s  : 
Highly Worn Tread 8 )  
S t e e r i n g  System: 
T i e  Rod S e p a r a t i o n  (1) 
Suspension System: 
E leva ted  Rear-end (1) 
T i r e s  : 
Manner of Use ( 3 )  
I n s t a n t ~ a o s u c  F-c ts rs  a re  def ined  a s :  "The s u b s e t  o f  vehicle  f a c t c r s  
n o t  be long ing  t o  e i t h e r  t h e  s u b s e t  of emerging v e h i c l e  f a c t o r s  
c r  t h e  s u b s e t  o f  i n t r i n s i c  v e h i c l e  f a c t o r s ;  a  s u b s e t  o f  v e h i c l e  
f a c t o r s  c o n t a i n i n g  element c h a r a c t e r i s t i c s  wherein  t h e  caya- 
b i l i t y  f o r  assuming t h e  r o l e  of a v e h i c l e  f a c t o r  f u l l y  d e - e l o p s  
a f t e r  t h e  v e h i c l e  i s  i n  use  and e s s e n t i a l l y  i n  an  i n s t a n t  of t i m e .  
Unforeknowable 
A c c e l e r a t i o n  Systrm: 
Zngine S t a l l  (1) 
Brake Sys tern: 
Ruptured Hosa '2)  
- 
TABLE 2 .  Inc idence  of E r r o r  Ca tegor ies  f o r  
T o t a l  Road-User Sample (from Causes 
and E f f e c t s  of Road Accidents ,  1969) .  
- -  - 
F a i l u r e  t o  Look 
E r r o r  of Mispercept ion  
Unknown P e r c e p t u a l  E r r o r  
Excess ive  Speed wi th  
Regard t o  Condi t ions  
Pan ic  React ion  
Other  E r r o r  of Decis ion  
E r r o r  of Implementation 
Other  E r r o r s  
Unknown E r r o r s  
No E r r o r s  
Not Known 
T o t a l  
No. 
45 
2 9  
15 
40 














4 .0  
8.6 
0 . 0  
0.9 
8 .6  
39.1 
1 . 7  
1 0 0 . 0  
TABLE 3 .  E r r o r  G r o u p  and R o a d - U s e r  M a n e u v e r  ( f r o m , C a u s e s  and E f f e c t s  of R o a d  A c c i d e n t s ,  1969). 
Maneuver 
Going ahead,  
no  j u n c t i o n  
Going through j u n c t i o n  
A t  j u n c t i o n  
t u r n i n g  l e f t  
A t  j u n c t i o n  
t u r n i n g  r i g h t  
Overtaking 
U-turn 
Merging i n t o  s t r e a m  
Stopping t o  park  
Stopping a t  h a z a r d  
Stopping t e m p o r a r i l y  
de layed  
P e d e s t r i a n  maneuver 
T o t a l  
F a i l u r e  
t o  Look 












E r r o r  o f  














P e r c e p t u a l  













E x c e s s i v e  Speed 
w i t h R e g a r d  
to C o n d i t i o n s  











4 0  
P a n i c  
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TABLE 4. Error/Non-Error P ropor t ion  by Road User Maneuver 
(from,Causes and E f f e c t s  of  Road A c c i d e n t s ,  1969) .  
Maneuver 
Going ahead,  no j u n c t i o n  
Going through a  junc t ion  
A t  j unc t ion  t u r n i n g  l e f t  
A t  j u n c t i o n  t u r n i n g  r i g h t  
Over t a k i n g  
U-turn 
Merging i n t o  s t ream 
Stopping t o  park 
Stopping a t  a  hazard 
Stopping t e m p o r a r i l y  de layed 
P e d e s t r i a n  inaneuver 
T o t a l  

















1 0  





















was unlikely to involve an error, whereas turning right at a 
junction from the left-hand lane in England, and making a U-turn 
were likely to involve committing an error. The human causal 
factors by error type are shown in Table 5. 
The following results of vehicle causal factors were found. 
Limitations in forward vision occurred in 17% of accident involved 
vehicles, especially in urban areas. Twenty percent of night 
accidents involved some vehicle lighting deficiency (in England 
parking lights only are used in the cities). Causal braking 
factors appeared in 5% of the vehicles, having a higher incidence 
in commercial vehicles. Steering was a causal factor in 3% of 
cases. Although over 40% of the vehicles had tire pressure 
deviations, tire pressure was considered a causal factor in only 
7 %  of cases.  ire tread was less than 1/16 inch on at least one 
tire in one quarter of all vehicles, and lack of tread was evalu- 
ated to be a causal factor in 5% of crashes. 
The primary environmental causal factors were sight-distance 
restrictions (25%) and low pavement-tire friction (16%). 
In Accident Cause Analysis (~erchonok, 1972) a system was 
developed to describe the process of accident generation. A form 
for coding the causal structure of accidents from diagrams and 
narratives of accidents (Table 6) was developed. The proportion 
each critical event contributed to the total sample of accidents 
is shown in Table 7 .  While the critical event described the 
activity which produced the critical condition, the critical 
reason described why the driver/vehicle behavior occurred. The 
proportion each critical reason contributed to the total sample 
of accidents is shown in Table 8. Vehicle breakdowns accounted 
for 4% of the culpable involvements. It can be noted 
that driver breakdowns accounted for approximately 65% more 
culpable accident involvements than did vehicle breakdown. Culp- 
TABLE 6. Items Used for Coding the,Events Leading to a Crash 
(from Perchonok, 1972). 
1. Accident # 7. Target Location (1) Compulsory: 
2. Subject  # Forward 01 Externa l  11 Right Front  02 WP-Over R 12 
3 .  Prier Event (1) 
Continue 0 2 
R i i l i ' ~  
Risht  Back 
0 3  ' hT-Phant 13 
0 4 WP-NAC 1 4  .. 
Cont. s t e e r  angle  03 ~ a c k  0 5 Secondary 15 
S t a r t  04 Le f t  Back 06 L o g i s t i c  16 
Stop 05 L e f t  0 7 Park 17 
Accelerate  06 L e f t  Front  0 8 Voluntary 18 
Decelerate  0 7 N A 9 8 N AC 9 9 
Start-Back 0 8 
Direct ion Change: 
S t ee r  Ang. R 09 
S t ee r  Ang. L 10 
Both R 11 
Both L 12 
NAC 13 
NA* 9 8 
NAC * * 9 9 
P r io r  Reason (2)  
V. Bkdn. 0 1 
D. Bkdn. 02 
P. Contr. 0 3 
I. Contr. O R  
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Nonexist. s ign  
Signal  
Road 






























9 9  12. C r i t i c a l  Source (2)  
Veh. 1.0. 0 
01 Nonacc: . veh. 10 
0 2 ~ e d .  11 
03 Bike 12 
04 Tra in  13 
Animal 1 4  
0 5 Object  15 
06 Sign  16 
0 7 Nonexi*,t. s i gn  17 
0 8 S ignal  18 
0 9 Road 19 
10 Surface  d e f e c t s  20 
11 . Cover 21 
12 N A 9 8 
9 8 N AC 9 9 
06 NAC 9 9  13. Source Location (1) 
O 7  0 8 9 ,  ~ l b j e c t  Path (1) Forward 01 
09 l'orward 01 RF 02 
10 It. Curve 0 2 R ' 0 3 I:. Turn 03 RB 0 4 
11 1,. Turn 04 B 05 
12 11. Curve 05 LB , 06 
13 I- ack 06 L 0 7 
14 5 .  Back 07 LF 0 8 
15 L. Back 0 9 N A 9 8 
16 Ends 0 9 NAC 99 
17 Y.ot. Imm. 14. Source Path (1) 





98 Opposite 02 
99 10. C r i r i c a l  Event (1) Par-Same 0 3 
l r n  o$ed Upon I1 par-opp 0 4 cogt lnue 
0 Cont. s t e e r  angle 03 In t e r sec t ing :  
10 St wt  0 4 RF 05 
11 St ap 05 R 0 6 
12 Accelerate  06 RB 07 
13 D ~ c e l e r a t e  07 LB 0 8 
14 Start-Back 0 8 L 0 9 
15 Direc t ion  Change: LF LO 
16 S t ee r  Ang. R 09 NAC 11 
17 S t e e r  Ang. L 10 None 12 
18 , Both R 11 N A 9 8 
19 Both L 12 N AC 99 
20 N AC 
21 N AC l3 15. Culpak , i l i ty  (1) 9 9 
98 Culp 1 
99 11. C r i t i c a l  Reason (2 )  Culp o r  Contrib. 2 
V. Bkdn. 0 1 Contr ib 3 
D. Bkdn. 0 2 Contrib. or 
0 P. Contr. 0 3 Nonculp 4 
10 I. Contr. 04 Nonculp 5 
11 Info.  Fa i lu re :  NAC 9 
12 Pres. 
13  O5 16. causa l  De ta i l s  Sens. 0 6 
1 4  Rec . 0 7 
15 Pro j . 0 8 
16 Conf. 0 9 
99 NAC 10 * Not Applicable 
** Not Able t o  C la s s i fy  
TABLE 7 ,  The P r o p o r t i o n  Each C r i t i c a l  Event Con t r ibu ted  t o  t h e  
T o t a l  Sample of  Accidents  (from Perchonok, 1972) .  
* 
Not a b l e  t o  c l a s s i f y .  
C r i t i c a l  Event 
Impos i t ion  
Continue 
Continue S t e e r  Angle 
S t a r t  
S top 
A c c e l e r a t e  
D e c e l e r a t e  
P r o p o r t i o n  
.29 
. 3 1  
.05 
.06 
. 0 1  
. 0 1  
. 0 1  
C r i t i c a l  Event 
Star t-Back 
D i r e c t i o n  Change 
Right  
L e f t  
NAC* 
NAC * 
T o t a l  
1 
P r o p o r t i o n  
. O O  
.09 
. 1 6  
. o o  
.02 
1 . 0 0  
TABLE 8. Critical Reasons for Culpable units (from Perchonok, 1972) . 




























Compulsory - external 
Projection 
Vehicle breakdown 
Induced control/primary control 
Information failure (NAC)/voluntary 
Voluntary 





















ability proportions based on human, vehicular, and environmental 
reasons for critical events are shown in Table 9, and the acci- 
dent directional patterns are shown in Table 10. 
It could be concluded from the analysis that driver failure 
was the primary causal factor in 57% of the crashes, and driver- 
environmental interactions in 30%. Vehicle breakdown was listed 
as a critical event in 4% of the sample of crashes. For crashes 
that occurred when vehicles were on intersecting paths most often 
either both continued or one started after being stopped. Left 
turning vehicles were largely involved in opposite direction 
crashes. Vehicles traveling in the same direction were involved 
most often when one was stopped and about half as often when one 
had decelerated. 
Perchonok concluded that information failures accounted for 
over 40% of the reasons for the culpable generation of accidents. 
Help for the driver could come from improved communications to the 
driver or reducing the information processing demands placed upon 
him. Improved rear lighting systems would probably reduce rear- 
end collisions. Alcohol increases the likelihood of causing an 
accident. The major reasons given for drinking driver accident 
involvement were control failures, information processing prob- 
lems, and driver breakdown. 
In What Are the Causes of Traffic Accidents (Baker, 1961), 
the factors contributing to an accident are classified based on 
trafficways, people, and vehicles (Tables 11-13). The attributes 
are divided into those relating to recognition, decision, and 
performance. Furthermore, temporary and/or permanent modifiers 
have an influence on the attributes. To complete a trip success- 
fully without an accident, a vehicle must avoid a critical event, 
which is an action by a vehicle which results in loss of control. 
To avoid a critical event the operations of preparation, strategy, 
and evasive action must be performed correctly. The entire inter- 
action is shown in Figure 1. 
TABLE 9. Human, Vehicular, and Environmental Reasons for 
Critical Events (from Perchonok, 1972). 
Culpable Units Only 
Human 
Driver breakdown, primary 
control, sensing, recogni- 






Induced control, presenta- 
tion, conflict, logistic, 
compulsory-external, 
compulsory-secondary, and 
their combination with 
induced control or criti- 
cal reason listed under 
Human 
Accidents With No Culpable Units 
Environment 
Conflict errors, induced 
control failures, imposi- 













TABLE 1 0 ,  Accident  D i r e c t i o n a l  P a t t e r n s  (from Perchonok, 1972) .  
Major Types 
Vehic les  approaching 
a t  r i g h t  a n g l e s  
Veh ic les  i n  p a r a l l e l  
b u t  o p p o s i t e  d i r e c t i o n s  
Vehic les  i n  same l a n e  
Others  
T o t a l  m u l t i v e h i c l e  
a c c i d e n t s  
S u b c l a s s i f i c a t i o n s  
Both continued 
One s topped,  then  
s t a r t e d  
One d e c e l e r a t e d  b u t  
d i d  n o t  s t o p  
S u b t o t a l  
Others  
T o t a l  
One turned l e f t  
One s topped,  then  
turned l e f t  
S u b t o t a l  
Other  
T o t a l  
One was s topped,  and 
o t h e r  continued 
One had been 
d e c e l e r a t i n g ,  and o t h e r  
continued 
One d e c e l e r a t e d  o r  
s topped imposing on 
o t h e r  
S u b t o t a l  
Others  
T o t a l  
Frequency 





1 9  2 
10 8 
2 0  
12 8 









7  13 
Propor t ion  
. 0 9  
10 
- 0 2  







. 2 1  
.13 
0 2  
.03 
.18 
. 0 2  
. 2 1  
.31 
1 . 0 0  
TABLE 11. Condition Factors of Trafficways (from Baker, 1961). 
Attributes I Modifiers 
Tl1 Light ! 11 Weather, Atmospheric 
T12 Visibility i conditions T13 View obstructions,; 12 Natural light 
T14 ~ecognizability " 13 Temporary warning 
Generally T15 Recognizability devices 
relating to 14 Temporary roadside 
recognition T16 ~istractions, activities 
15 Roadside objects 
T17 Confusion, Temporary 16 Objects on the road 
17 Loss of adjustment, 
alignment 
18 Social and legal 
symbols 
and markings Permanent 
T21 Signals 
Generally T22 Traffic Signal 
relating to controls 
decision T23 Regulatory signs 
T31 Alignment 
T32 Surface character 
to T33 Dimensions performance T34 Restraining 
19 ~uriace deposits, 
ruts 
20 ~ o a d  damage, holes 
Wear 
Deterioration, 
TABLE 12. Condition Factors of People (from Baker, 1961). 
P21 Intelligence, 
judgment 
Generally P22 Attitudes 





~ 1 1  observing habits 
P12 Sensory abilities 
~ 1 3  Signaling habits 
Generally P14 Recognizability 
(mainly relating to 
recognition pedestrian) 
P15 Knowledge 
P31 Operating skill, 
Modifiers 
11 Sun exposure 
12 Glasses, etc. 
13 Emotional upset 




Temporary 17 Irritants 
Generally habits 
relating to P32 Size, weight, strength 




19 ~atigue, boredom 
20 Temporary illness 
21 Injury 
22 Clothing 
23 Things carried 
24 Prosthetic devices 
41 ~eterioration, age 
42 Chronic illness 
43 Permanent injury 
Permanent 4 4 Experience, traininq 
45 customs, tradition - 
46 Authority, enforcement 
TABLE 13, Condition Factors of Vehicles .(from Baker, 1961). 




V13 Road Illumination 
V14 Sensory aids 
V15 View obstructions 
Generally V16 Distractions 
relatinq to V17 Instruments 
recognition V18 Signaling devices 
V19 Control feedback 
Generally V21 Comfort 
relating to V22 Symbolism 
decision V23 Automatic 
controls 
V31 Control arrange- 
ment, function 
Generally V32 Operating space 
relating to V33 Dimensions 





13 Surface deposits 
14 Cargo 
Temporary 15 Passengers 
16 Social and legal 
symbols 
17 Adjustment loss, 
defective 




Permanent 42 Irreparable 
damage 
43 Wear 
Figure 1. Condition factors and operational factors. 
Prom Baker (1961) . 
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TWO interesting methodologies have been suggested for 
reconstructing accidents. In one, Cook (1967) has suggested 
reconstructing the accident using model cars. Surface material 
was varied to provide suitable coefficients of friction. Mass 
considerations were eliminated by using two models of idextical 
size, shape, and weight. Speed was controlled by ramp incline. 
A hypothetical accident was reconstructed at 1/25th scale, and 
kinematic similarity to the real world was maintained on a 
space-velocity-time basis with encouraging results. 
In another approach, Thorson (1971) and Ekner (1972) div- 
ided the pre-crash phase into a perception phase and an avoid- 
ance or prevention phase. They then work back on a time-space 
basis to determine the measured avoidance point, Am, where braking 
occurred; the necessary avoidance length, An; the possible per- 
ception point, Pp, where it is possible to detect and understand 
that a critical situation is created; and Pn, the necessary per- 
ception point which is the last point at which the critical situ- 
ation should be perceived in order to avoid the accident. If 
the measured avoidance length is greater than or equal to the 
necessary avoidance length, the driver has started the avoidance 
action in time to prevent the accident and perception and speed 
have no importance. Driver and vehicle avoidance are the only 
possible remaining factors contributing to the accident. If 
the measured avoidance length is less than the necessary avoid- 
ance length the accident will occur. If the perceived perception 
point was greater than or equal to the necessary perception point 
then the contributing factors were driver or vehicle perception 
and avoidance. If the perceived perception point was less than 
the necessary perception point then the contributing factors 
were unadjusted speed, vehicle avoidance, or environmental per- 
ception or avoidance. 
~ o t h  accident reconstruction methodologies depend upon a 
relatively accurate time-space deszription of the pre-crash 
phase which is often difficult to obtain. 
PROCEDURE 
Since the areas of human behavior, vehicle performance and 
accident investigation are relevant to this study a team of 
psychologists and engineers performed the study. In this way 
we hoped to optimize our understanding of the pre-crash phase 
so that the correct driver-vehicle performance failures could 
be determined and appropriate countermeasures identified. 
The major tasks carried out were: 
1. Determination of the types of accident reports and the 
subclass of accident types to be analyzed. 
2 .  Development of a methodology for restructuring the pre- 
crash phase. 
3. Conduct of sample analyses to evaluate the procedure 
and its overall feasibility, and to measure the confidence in 
the findings, 
4. Execution of a series of analyses. 
5. Provision of a summary of results, conclusions, and 
recommendations, appropriate. 
DETERMINATION OF THE TYPES OF ACCIDENT REPORTS AND THE SUBCLASS 
OF ACCIDENT TYPES TO BE ANALYZED 
During early discussions among the investigators a pre- 
liminary decision was reached to include the data collected in 
the current Oakland County accident project, which utilizes the GM 
Long Form. The cases in this project are entered on this form, 
and in addition an overall review of the,circumstances leading 
up to the crash, the extent of damage to the case vehicle, an 
analysis of the occupant kinematics, interior damage, and occu- 
pant injury details are provided. The on-site investigators' 
35 mrn slide pictures are also available. The Oakland County, 
GM Long Form, data file consists of about 400 cases, largely of 
U.S., 1971-73 model year vehicles involving injury-producing 
accidents. Major interest in the potential use of the data is 
in injury-causation factors. To obtain the data six police 
agencies are contacted each day for potentially suitable acci- 
dents. An accident report is obtained from the Police Department 
and the vehicle is located, described and photographed. When 
convenient the accident scene is visited and in minor injury 
cases only, the drivers are contacted to check on the injury pat- 
tern since this information would not likely be available from 
the hospital. Examination of some cases revealed that the pre- 
crash information was not sufficiently detailed to be used in 
this work. 
Therefore, the multidisciplinary accident investigation 
(MDAI) cases were evaluated. Approximately 2500 cases are on 
file of which 700 cases are non-injury Washtenattr County, level 
I1 cases. About 1500 cases are level 111 and contain information 
concerning the pre-crash phase, describing the accident scene, 
and including a narrative of the estimated sequence of events 
based in part upon interviews with the drivers. 
The decision was made to use the MDAI files because of the 
more extensive description of the pre-crash phase, and the larger 
population of cases to work from provided an opportunity to look 
at a more limited subset of the population with an adequate num- 
ber of cases available. The selection of accidents was to hinge 
upon types of crashes which had relatively unambiguous antece- 
dents and which were likely to involve aspects of driver-vehicle 
performance in steering or braking control. 
A f t e r  d i s c u s s i o n  of  a  number of p o t e n t i a l  s u b s e t s  of col -  
l i s i o n  t y p e s ,  t h e  i n v e s t i g a t o r s  decided t o  use  one which was 
concerned wi th  c o l l i s i o n s  on wet a s  w e l l  a s  d r y  pavements, on 
a  l i m i t e d  s e t  of  c o n d i t i o n s .  These were t e n t a t i v e l y  t o  i n c l u d e  
t h e  fo l lowing:  pe r sona l  i n j u r y ,  d a y l i g h t ,  s t r a i g h t  and l e v e l  
l i m i t e d  a c c e s s  highway, no d r i v e r  impairment r e p o r t e d ,  d ry  and 
wet pavement ( t h e  l a t t e r  be ing de f ined  a s  be ing found under 
c o n d i t i o n s  of  l i g h t  and/or moderate p r e c i p i t a t i o n ) ,  c o l l i s i o n  
type ,  and speed p r i o r  t o  impact.  F igure  2  diagrams t h e  manner 
i n  which t h e  s u b s e t  was s e l e c t e d ,  and a l s o  shows t h e  d i c t i o n a r y  
code numbers involved.  
The a n a l y s i s  provided t h e  t o t a l  number of c a s e s  i n  each of 
t h e  c o l l i s i o n  types  by speed d i s t r i b u t i o n  s e p a r a t e l y  f o r  d r y  and 
wet road c o n d i t i o n s ,  i n  t h e  s e t  of o t h e r  c o n d i t i o n s  l i s t e d .  
When t h i s  a n a l y s i s  was conducted, from a popu la t ion  of  over  
2500 a c c i d e n t  c a s e s ,  50 c a s e s  passed a l l  of t h e  f i l t e r s .  Tables 
1 4  and 15 i n d i c a t e  t h e  es t ima ted  speed of t h e  c a s e  v e h i c l e  on 
d ry  and wet roads  p r i o r  t o  impact f o r  v e h i c l e s ,  p e d e s t r i a n s ,  and 
o b j e c t s  of f i r s t  c o n t a c t .  Vehic les  c o n s i s t e d  of a u t o s ,  motor- 
c y c l e s ,  l a r g e  t r u c k s ,  t r a i n s  o r  buses ,  l i g h t  t r u c k s ,  t r a c t o r s  
wi thout  t r a i l e r s ,  vans,  s t r a i g h t  t r u c k s ,  t r a c t o r - t r a i l e r  com- 
b i n a t i o n s ,  and v e h i c l e s  wi th  road and off - road c a p a b i l i t y  ' (e .g. ,  
" J e e p s " ) .  Animate o b j e c t s  s t r u c k  inc luded p e d e s t r i a n s ,  l a r g e  
animals ,  and b i c y c l e s .  Inanimate o b j e c t s  c o n s i s t e d  of ground, 
g u a r d r a i l s ,  b r i d g e s ,  s i g n s ,  d i t c h e s ,  embankments, c u l v e r t s ,  
f ences ,  p o l e s  o r  t r e e s ,  b u i l d i n g s ,  o b j e c t s  d isengaging from 
o t h e r  v e h i c l e s ,  hydran t s ,  p o s t s ,  stumps, mailboxes, p i e r s ,  
p i l l a r s ,  r e t a i n i n g  w a l l s ,  impact a t t e n t u a t o r s ,  and breakaway 
f i x t u r e s .  
Case v e h i c l e s  a r e  newer model v e h i c l e s  and a r e  n o t  neces- 
s a r i l y  t h e  s t r i k i n g  v e h i c l e .  Because of t h e  smal l  number of 
Limited Access (V22=1) 
I 
Level  Road ( V 2 6 = 1 )  -+J 
\L 
1 S t r a i g h t  Road ( ~ 2 7 = l ) l  
= 
1 Dayl ight  ( ~ 3 6 = 1 ) 1  
I n j u r y  (V72=1) Q 
Impairment ( V 6 9 = 2 )  
(No Rain) 
Dry (V29=1) 
t o  Impact 
(Rain)  
I F i r s t  Objec t  S t ruck  (V64) 1 
1 
P e d e s t r i a n  Objec t  
i 
- c a s e  Vehic le  
2 4 
Speed P r i o r  
t o  Impact 
F igure  2 .  V a r i a b l e s  e n t e r i n g  i n t o  t h e  c o l l i s i o n  s u b s e t .  
TABLE 14. Estimated Speed of Case Vehicle Prior to Impact and Object First Contacted - 








TABLE 15. Estimated Speed of Case Vehicle Prior to Impact and Object First Contacted - 
Dry Road. (All entries indicate frequency. ) 













































































































































cases occurring on wet roads, they were excluded. Of the 45 
remaining cases, some of the hard copies of the accidents were 
not available and others contained insufficient information. 
After close examination of the remaining cases, 10 were rejected 
because they did not meet the constraints imposed by the filter, 
For example, six of these cases involved alcohol. 
DEVELOPMENT OF A METHODOLOGY FOR RESTRUCTURING THE PRE-CRASH 
PHASE 
While reviewing the data from the accident files a form was 
developed by which the individual who is attempting to obtain a 
concise description of the accident can be prompted to seek the 
relevant information, which would also help in summarizing the 
salient aspects of the crash. The procedure followed by the 
investigators was to develop a set of questions which sought the 
pertinent information, have the questionnaire used independently 
by a number of evaluators on several case reports, and then 
assemble the evaluators to discuss problems and ideas which 
occurred in using the form. 
A total of six forms were 
procedure. Each form evolved 
directed toward a more explici 
tion resulting in greater inve 
successively developed using this 
from the previous one and was 
t statement of relevant informa- 
stigator agreement. 
The form which has been developed allows for a quick review 
of a crash description using the MDAI report and/or GM Long Form 
data, and results in the development of hypotheses made by the 
evaluator concerning the information needs of the driver which 
were lacking and involved in the crash. These information needs 
are basic descriptors of either the sensory and perceptual infor- 
mation required by the driver in order to have potentially avoided 
the crash, or they may refer to vehicle responses which act as' 
feedbacks to the driver to assist h.im in steering, braking, and/ 
or accelerating the vehicle to avoid the crash. 
CONDUCT OF SAMPLE ANALYSES TO EVALUATE THE PROCEDURE AND ITS 
OVERALL FEASIBILITY, AND TO MEAS~I~E THE CONFIDENCE IN THE 
FINDINGS 
Each of the first three forms were used by the investiga- 
tors to evaluate five of the daytime, limited access highway 
crashes described earlier (~igure 2). Although there was seldom 
unanimous agreement among the investigators in their answers to 
some of the more probing questions, discussion revealed that 
unanimous agreement could be obtained. 
Consequently, whereas the first three evaluation forms pro- 
vided spaces for the investigators to fill in their answers, the 
last three forms incorporated a means of comparing responses of 
different evaluators in an objective way. This was done by class- 
ifying most response possibilities beforehand on the form and 
requiring only that the evaluator check the appropriate responses. 
This method was expected to provide greater agreement among exper- 
imenters without limiting their responses. The response cate- 
gories were derived from MDAI and GM Long Form Accident Investi- 
gation Reports as well as from pertinent material covered in the 
literature review. Five goals were sought in using the cate- 
gories chosen: (1) use as few categories as possible to minimize 
time, (2) be as specific as possible with each category to avoid 
confusion and multiple responses, (3) be as mutually exclusive as 
possible with each category again to avoid confusion and multiple 
responses, (4) provide as much information as possible in each 
category so that more response categories will not be needed, 
and (5) be as comprehensive as possible in the choice of response 
categories so that other categories would not have to be pro- 
vided later. 
EXECUTION OF A SERIES OF ANALYSES. Once the fourth form 
was completed it was again used for five daytime limited access 
highway accidents by four investigators who were thoroughly 
familiar with the Driver-Vehicle Factor Investigation Accident 
Analysis Form being developed. Five additional accident reports, 
which contained adequate pre-crash infofmation, were then pulled 
at random because it is necessary to not only develop a form 
and obtain information on one subset of accidents, but to pro- 
vide a form which is useful in analyzing an accident which may 
occur. Only in looking at a random sample of accidents can the 
form be shown to be satisfactory for all accidents and not just 
the subset for which it was designed initially. 
The five random accidents were evaluated by two of the 
four experienced investigators and several changes were made in 
the form, producing a fifth form. The subset of five selected 
accidents and the five random accidents were then typed up on 
individual pages providing a description and diagram of the 
accident. These 10 descriptions were then given to ten 
employees of the Highway Safety Research Institute who were 
unfamiliar with the accident analysis form being developed. 
They were asked to complete an Accident Analysis Form for each 
accident case. Two of the ten people answering the question- 
naire were familiar with other accident investigation forms 
and procedures; the other eight were not. The purpose of the 
questionnaire and individual questions were discussed with each 
of the eight employees before they completed the forms. 
Results of this initial administration of the pre-crash 
evaluation form are discussed below, for each questionnaire 
item. 
Question 1. "Identify the number of the vehicle which you 
interpret as the precipitating vehicle-driver combination, and 
as the other vehicle driver. A precipitating driver-vehicle, 
is defined as one which is approaching from the rear, is out of 
lane in a head-on, or violates a traffic control at an inter- 
section. As defined, the precipitating driver-vehicle is nof -
necessarily the combination causing the accident." Out of a 
total of 200 responses required to this question only 8 errors 
occurred. Two were errors of omission; the other 6 involved 
either a reversal of the vehicles or the inclusion of another 
vehicle. Five of the 8 errors came from people experienced with 
accident investigations. All errors occurred in four of the 
five daytime, limited access highway cases. 
~uestion 2. "Is information available on the distance and 
speed of the vehicle(s) to reconstruct the crash sequence?" Out 
of 100 possible correct "yes" responses, 10 were negative. 
Question 3. "Were the precipitating events avoidable?" 
For 9 of the 10 cases (90 answers) there were 4 "no" responses 
and 1 blank. The remainder were "yes" responses. The four "no" 
responses came from one evaluator with no accident investigation 
experience. The tenth case involved a car that swerved to avoid 
striking a deer on the roadway. Por this case there were 5 "yes" 
responses and 4 "no" responses to question 3. This disagreement 
is probably to be expected in a case like this where there is 
little or no human control over animals and the time sequence of 
events is not available from the accident report. 
Questions 4 and 5. "Is accident avoidance taken by the pre- 
cipitating/other vehicle classifiable by braking, steering, both, 
or no apparent action?" The appropriate answers to these ques- 
tions are not always clearly discernible from the case reports. 
Out of the 20 questions (2 questions and 10 cases) there was 
unanimous agreement in 5 cases, only 1 disagreement in 6 cases, 
and 2, 3 or occasionally 4 disagreements in the remaining cases. 
These results are quike satisfactory considering the lack of 
specific information available in the report. Some evaluators, 
with a lack of information, are likely to indicate no action taken; 
whereas other evaluators will assume that based on the circum- 
stances some action had occurred. 
Questions 6 and 7. "What is the apparent major fault in 
the precipitating/other vehicle-driver? If more than one, num- 
ber in order of importance beginning with 1 as most important." 
The dispersion of answers is greater here than for any question; 
however, more response choices are available to the evaluator, 
and frequently more than one factor is of major influence. In 
5 of 10 questions concerning the precipitating vehicle there is 
high agreement as to the major fault. This is true for 3 ques- 
tions involving the other vehicle-driver. The major faults in 
the precipitating vehicle/driver for the 10 cases reviewed are: 
avoidance maneuver, failure to judge speed or distance or vehicle, 
inattention, and wrong-way. For the other vehicle major faults 
are failure to remove disabled car from roadway, failure to use 
mirrors, failure to signal, and no error. The only effect the 
selected subset of cases had on the results as compared to the 
random subset was to reduce the "no error" ratings for 'the "other" 
car. 
Questions 8 and 9. "What is the major fault in the precipi- 
tating/other vehicle design (performance)?" For the 20 questions 
(2 questions and 10 cases) the most frequent fault was "none." 
This response was unanimous for 5 questions; had 1 dissention in 
4 questions; 2 dissentions in 6 questions, and 3 or 4 dissentions 
in 4 questions. The question did not apply in one case. Of 190 
potential responses, 161 were "no major fault in vehicle design," 
Twenty responses of possible vehicle faults were given with 5 
responses to "brake" and 5 responses to "marking and signaling." 
Questions 10 and 11. "What is the major fault in the road 
used by the precipitating/other vehicle?" Of 190 responses, 130 
responses indicated no fault. Of the 51 responses indicating a 
fault, 15 were to road design, 9 to traffic control, 8 to sight 
distance, 7 to delineation, and 5 to signing. 
Questions 12 and 13. "Was the precipitating/other driver's 
accident avoidance action appropriate?" In 47% of all responses 
made to these questions, the raters agreed that no action appeared 
to have been taken by the drivers. In the remaining cases, 28% 
of the responses indicated that the raters judged the action taken 
was appropriate, and 2 5 %  indicated it was inappropriate. 
Question 14. "What information was needed by either driver- 
vehicle combination to avoid the crash?" This is the key ques- 
tion in the Pre-Crash Accident Analysis Form because the answers 
to this question reveal the information requirements which, if 
available to the driver, would have been useful in potentially 
reducing the likelihood of the crash occurring. The degree to 
which there is communality among these informational items will 
tend to suggest the types of countermeasures, in the form of 
vehicle or road design performance revisions, or driver training 
and improvement, that may be helpful in reducing these types of 
crashes. 
The responses to this question are very case specific, that 
is, they deal with the information problem of a specific case. 
As the number of cases analyzed increases, it is expected that 
certain information deficiencies will become common to an increas- 
ing number of accidents, and that these are the areas where appro- 
priate countermeasures can best be taken to prevent the accident 
from occurring in the future. For this initial study the infor- 
mation requirements receiving more than 1 response for each case 
will be briefly discussed. The last 5  cases are the limited 
access freeway subset. 
BRIEF DESCRIPTION OF CASES ANALYZED. 
Case 6 2 4 .  The driver of the precipitating vehicle swerved 
to avoid striking a deer and ran off the left side of the road 
striking the guardrail. Information needed was considered to 
be: warning or knowledge of the presence or actions of deer, and 
the existence of a deer area (7 responses); and that a less 
severe avoidance maneuver should be attempted (2 responses). 
Case 854. Two vehicles on intersecting courses collided 
at a signalled intersection. Both drivers needed earlier know- 
ledge that another vehicle was in the intersection on a colli- 
sion path (19 responses). 
Case 143. In a light fog the precipitating vehicle drifted 
across the center line into the approaching lane and struck an 
oncoming vehicle. The precipitating driver needed knowledge 
that he was leaving the proper lane (9 responses). The other 
driver needed knowledge that the precipitating driver was in the 
wrong lane (6 responses), and no information (3 responses). 
Case 105. precipitating vehicle driver was southbound on 
a northbound freeway. precipitating driver needed knowledge of 
wrong-way driving (9 responses). The other driver needed warn- 
ing of oncoming vehicle (6 responses), and should have known to 
steer rather than brake (2 responses). 
Case 775. The precipitating vehicle driver was making a 
left turn when struck in the front by a car in the approaching 
lane. The precipitating driver needed to know the relative 
speed and distance or presence of the approaching vehicle (8 
responses). The other driver needed to know that the precipi- 
tating driver would turn in front of him (8 responses). 
Case 497. Vehicle slowing down on freeway for previous 
accident was struck in rear. Precipitating driver needed to 
know of the deceleration of the lead car (1.0 responses), The 
other driver needed to know of the presence or relative speed 
of the following vehicle (8 responses), and no information 
(2 responses) . 
Case 512. Precipitating vehicle struck a car stopped in 
his lane on the expressway. The precipitating driver needed to 
know of the presence of the stopped car on the road ahead 
(8 responses). The other driver needed information of impend- 
ing vehicle failure (3 responses), an awareness of following 
vehicles which might strike the car (3 responses), and no infor- 
mation (4 responses) . 
Case 022. Precipitating vehicle struck a car stopped in 
his lane on the expressway. The precipitating driver needed 
to know of the presence of the stopped car on the road ahead 
(10 responses). The other driver needed to know that the vehicle 
would break down (3 responses), that there was a danger in leaving 
the stopped vehicle on the roadway (4 responses), and no infor- 
mation (3 responses). 
Case 553. Precipitating vehicle was in passing lane over- 
taking a car when a car in right lane attempted to cut across 
median in front of precipitating vehicle. Precipitating vehicle 
struck other car. Precipitating driver needed knowledge.that 
the other car would attempt a U-turn (9 responses). The other 
driver needed to know of the presence of the precipitating 
vehicle behind him (5 responses) and that the U-turn was danger- 
ous and illegal (5 responses). 
Case 523. Precipitating vehicle driver swerved sharply to 
avoid collision with a vehicle changing into his lane ahead and 
lost control. Information needed by precipitating vehicle was 
intent of lead vehicle to change lanes (8 responses), and that 
less severe avoidance maneuver should be attempted (2 responses). 
The other driver needed presence and speed/distance iriformation 
of precipitating vehicle behind him (8 responses), and no infor- 
mation (2 responses). 
S m a r y  of Responses to Question 14: Information Needs. 
Although the number of different information needs may appear 
to be quite large to cover all of the accidents discussed, it 
is possible to collect the responses into some broad areas of 
informational needs. These areas are: impending vehicle failure, 
vehicle response behavior in collision avoidance maneuvers, 
education of situations predisposing to hazards, and distance 
and relative speed with respect to other vehicles. With the 
exception of 14 "no information needed" responses, all of the 
(177) responses discussed in the 10 cases above can be placed 
in one of these informational need categories. The categories 
do not preclude the possibility that additional categories will 
be required as further cases are analyzed. 
DISCUSSION OF MAJOR CATEGORIES OF INFORMATION NEEDED. 
Impending Vehicle Failure. Six responses cited this need. 
In two of the cases a vehicle failure resulted in a car being 
parked on the roadway. Although it is almost inconceivable to 
think of a driver voluntarily leaving a disabled car in the road 
lane, a number of cases did involve crashes with vehicles aban- 
doned on the road. In some instances no other lanes or shoulders 
were available. Warning of a vehicle failure would certainly be 
beneficial in those cases where the driver could and would get 
his car off the road, given sufficient warning. Several of the 
most common vehicle failures are already displayed with 
warning lights or gauges. It is not known if problems exist with 
these indicators, in not being sufficiently attention-getting or 
otherwise informative. Since the MDAI reports did not describe 
the vehicle failure, the nature of the solution to the problem 
cannot be inferred, but an investigation of such problems would 
be worthwhile. 
Vehicle Handling. Six of the cases elicited 18 responses 
relating to acquisition of information about the response of the 
vehicle to drastic brake or steer inputs. In three of the cases 
either the avoidance maneuver was too severe, resulting in loss 
of control, or an inappropriate action may have been taken such 
as braking instead of steering. A formal training course or ' 
personal experience, might have prevented the inappropriate 
action from being taken by informing the driver of the correct 
way to respond in an emergency situation and to learn the limits 
of the vehicle and himself. 
Driver Education of Accident Predisposing Situations. Three 
other cases involved informing the driver of the danger in leaving 
a parked car on the roadway and of the danger in making a U-turn. 
Perhaps drivers can be made more aware of the dangers and severe 
consequences of such actions. 
Distance and Relative Speed with Respect to Other Vehicles 
or Objects. Out of the 163 responses indicating informational 
needs by the driver, 139 or 85% of the responses fell in this 
category. This category is admittedly broad but the problem is 
always the same; if the vehicle or vehicles remain on their 
present course and do not change speed, a collision will occur. 
Each of the ten cases discussed involved this category. In each 
case the driver needed to know that there was another object or 
vehicle(s) present, entering or in the path of his vehicle, that 
was either stopped, slowed, traveling too fast, or headed in the 
wrong direction. This is a difficult problem to solve because 
driving situations frequently involve approaching vehicles in 
opposing lanes of traffic, changing lanes and slowing down or 
stopping. These collisions may be reduced by aiding the driver. 
For example, the case (775) of a head-on collision with a 
turning vehicle may have been avoided by the driver who had the 
right-of-way, if he knew that the turning vehicle was under 
power or not braking. The concept of a forward-facing stop 
signal (Post and Mortimer, 1971) may have merit in this type of 
situation. 
Also, rear-end collisions with vehicles stopped on the pave- 
ment may be avoided by a rear signaling display that denotes the 
vehicle is stopped or traveling at less than about 5 mph. Such 
a display should be visible through or over intervening passen- 
ger cars to provide maximum warning distance. The signals need 
to be of appropriate intensity for visibility in daytime and 
nighttime. Other forms of providing drivers with warning of high 
relative velocity and/or short intercar distance, such as by 
electronic sensing equipment ( e . g . ,  radar), and possibly supple- 
menting this with semi-automatic or automatic vehicle braking, 
could be considered as means of reducing front and rear collisions. 
Parenthetically, it was regretted that in none of the cases 
where the use of vehicle turn, stop or hazard warning signals may 
have been beneficial, did the MDAI reports indicate if such 
existing vehicle signals were in use. Thus, their role in the 
crashes could not be considered. 
Question 15. Express the degree of confidence (in percent, 
where 100% is maximum confidence and 0% is minimum confidence) 
that you have in the conclusions drawn to question 14 for the 
information needed by both driver-vehicle combinations. Confi- 
dence ratings were distributed from 10% to a mode of 100%. The 
overall mean for the precipitating driver-vehicle was 86% con- 
fidence; for the other driver-vehicle 82% confidence. 
DEVELOPMENT OF A FINAL PRE-CRASH ACCIDENT EVALUATION FORM 
Based on the responses to the fifth accident analysis form 
a set of instructions was prepared for the user and several of 
the questions were omitted, reordered, or reworded to try to 
clarify the information sought and to obtain greater subject 
agreement. 
This questionnairefalong with 10 new cases - 5 limited 
access and 5 from randomly selected crashes,was then distributed 
to nine HSRI employees. Three of the nine were members of the 
project, and five of the other six persons are familiar with 
accident case reports. Results of the responses made to the 
questionnaire in its final format for each of the questions are 
discussed briefly below. 
RESULTS 
Question 1 asks for identification of the precipitating 
and other vehicle. Seventy-six percent of the responses were 
correct for the precipitating vehicle, 69% of the responses 
were correct for the other vehicle. Most of the incorrect 
responses occurred for limited access road cases. 
Question 2  asks if there is enough information available 
to reconstruct the crash sequence, The response was "yes" 86% 
of the time. Twelve times the evaluators said enough information 
was not available yet continued to answer the questionnaire. 
Question 3  asks for the precipitating driver accident avoid- 
ance action. Braking responses were given 31% of the time, 
steering responses 3 5 %  of the time, acceleration responses 7% 
of the time, and no apparent action 26% of the time. 
In Question 4 the precipitating driver's accident avoidance 
action is judged appropriate 46% of the time, inappropriate 25% 
of the time, and no apparent action 29% of the time. 
Question 5  asks for the other driver's accident avoidance 
action. Braking responses were given 2 2 %  of the time, steering 
responses 6% of the time, acceleration 0% of the time, and no 
apparent action 72% of the time. 
For Question 6 the other driver's accident avoidance action 
is judged appropriate 18% of the time, inappropriate 6% of the 
time, and no apparent action 75% of the time. 
Questions 7 and 8  (see questionnaire in Appendix 1) ask 
for the specific driver action, contributing behavior, and pre- 
disposing factors that relate to the accident for the precipitat- 
ing and other driver. Questions 9  and 10 concern vehicle faults 
and Questions 11 and 12 concern environmental faults, and were 
used in the prior version of the questionnaire. 
Figure 3 shows the mean of the importance ratings received 
by each response option in question 7A irom the nine raters, and 
the standard deviation of the ratings for each response option, 
for one of the cases reviewed. Such computations were made for 
each question, 7A-12. The mean rating provides a measure of the 
perceived importance of the response option, while the standard 
deviation is an indicator of the degree of the agreement among 
the raters in assigning importance to the response options. The 
standard deviation can have a maximum value of 4.75, showing 
maximum lack of agreement between raters in determining the 
importance of a response category. The maximum value of 4.75 
for the standard deviation is obtained in these cases because 
there were a total of nine raters, such that an item would have 
maximum variability in ratings if there were five ratings of nine 
and the rest zero, or the converse. 
In order to provide a summary of the mean and variability 
of the ratings, the mean rating of the response option,receiving 
the highest mean importance rating for each question and case, 
together with the mean standard deviation of all the ratings 
made to each response in a question for a case, were used. This 
is shown for the data in Figure 3, by Figure 4. Figure 4 shows 
the mean standard deviation of the ratings in question 7A, for 
one case, and the response optioii receiving the highest mean 
rating. Thus, the variability of the raters' responses and the 
element they considered most important for the question, and its 
mean importance value, are described. 
The response to each question, for all the ten accident 
cases, are summarized in this way in ~igures 5-14. 
In Figure 5, the responses to the question "what was the 
precipitating driver's action?" are shown. Mean standard devia- 
tions go from a low of 0.60 to a high of 2.20. Loss of control 
Response Option 
Figure 3. Example showing mean ratings and standard deviations of 
responses to question 7A,  a ate the absolute importance 
of each precipitating driver action," Case M13. 
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Figure 4. Example showing derivations of response option having 
highest mean rating, and the overall mean standard 
deviation of a11 responses to question 7A, Case M13. 
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Figure 5. Summary of response options of items receiving highest 
mean rating and overall mean standard deviation of 
responses for all cases to question 7A, "Rate the abso- 
lute importance of each precipitating driver action." 
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Figure 6. Summary of response options of items receiving highest 
mean rating and overall mean standard deviation of 
responses for all cases to question 7B, "Rate the abso- 
lute importance of the contributing behavior of the 
precipitating driver." 
dur ing  an  avoidance maneuver was t h e  most f r e q u e n t  h i g h e s t  mean 
r a t i n g  t o  appear ,  had an average o v e r a l l  mean r a t i n g  above 5.0,  
and u s u a l l y  occurred  wi th  t h e  c a s e s  drawn a t  random. F a i l u r e  t o  
s t o p  o r  slow i n  a  s a f e  d i s t a n c e  rece ived  t h e  g r e a t e s t  mean r a t i n g  
i n  t h r e e  of t h e  f i v e  l i m i t e d  access  c a s e s  wi th  mean r a t i n g s  
ranging from 1 .5  t o  8 .8 .  The random cases  had h igher  mean r a t i n g s  
and h i g h e r  mean s t andard  d e v i a t i o n s  than  t h e  l i m i t e d  access  cases .  
Responses t o  t h e  q u e s t i o n  "what was t h e  c o n t r i b u t i n g  behavior  
o f  t h e  p r e c i p i t a t i n g  d r ive r? I1a re  shown i n  Figure  6 .  Mean s t andard  
d e v i a t i o n s  extend from 0.27 t o  1.52.  Speed t o o  f a s t  f o r  c o n d i t i o n s  
always r e c e i v e d  t h e  h i g h e s t  mean r a t i n g  i n  t h e  random c a s e s ,  and 
t h e  r a t i n g s  were from 2 . 3  t o  8.0.  F a i l u r e  t o  judge speed o r  
d i s t a n c e  and f a i l u r e  t o  look o r  s e e  d i r e c t l y  each accounted f o r  
two of t h e  h i g h e s t  mean r a t i n g s  i n  t h e  l i m i t e d  access  c a s e s .  The 
l i m i t e d  access  c a s e s  had lower h i g h e s t  mean r a t i n g s  (0 .5  t o  6 . 2 )  
t han  t h e  random c a s e s  b u t  mean s t andard  d e v i a t i o n s  were comparable. 
Responses t o  t h e  q u e s t i o n  "what were t h e  p red i spos ing  f a c t o r s  
of t h e  p r e c i p i t a t i n g  d r i v e r , "  a r e  p resen ted  i n  F igure  7 .  Mean 
s tandard  d e v i a t i o n s  were very low going from 0 . 0  t o  0.99. The 
g r e a t e s t  mean r a t i n g s  were l e s s  than  2.0 f o r  e i g h t  of  t h e  t e n  cases .  
I n a t t e n t i o n  rece ived  t h e  g r e a t e s t  mean r a t i n g  i n  f o u r  o u t  of t h e  
f i v e  l i m i t e d  access  cases .  The p r e c i p i t a t i n g  f a c t o r  i n  t h e  f i f t h  
c a s e  was drugged o r  drunk and had a  high mean r a t i n g  of 8 .7 .  
Drugged o r  drunk had t h e  h i g h e s t  mean r a t i n g  i n  two of  t h e  random 
c a s e s  and inexper ienced d r i v e r  accounted f o r  two o t h e r  cases .  No 
d a t a  a r e  p resen ted  f o r  t h e  f i f t h  c a s e  because a l l  s u b j e c t s  
responded wi th  "none" o r  "unknown" p red i spos ing  f a c t o r s .  These 
were not r a t e d  and a r e  excluded from t h e  d i s c u s s i o n .  
F igure  8 shows t h e  responses  t o  t h e  q u e s t i o n  "what was the 
o t h e r  d r i v e r ' s  a c t i o n ? "  NO responses  a r e  p resen ted  f o r  f i v e  o f .  
the ten cases. In three of the random cases there was no "other 
car" or it was legally parked. In the other two limited access 
cases the other car was struck in the rear and the driver was 
not at fault and probably could have done nothing to avoid the 
accident. For the five cases presented the mean stacdard devia- 
tions are 0.30, 1.10, 1.63, 1.64, and 1.94 and the respective 
highest mean ratings are 0.6, 8.8, 6.9, 3.0, and 5.7. Lane 
changing without adequate warning and failure to stop or slow 
in a safe distance each had the highest mean ratings for two 
cases. 
Contributing behavior responses of the other driver are 
shown in Figure 9. Mean standard deviations are 1.40 and 0.16 
for the two random cases; the respective highest mean ratings 
are 3.7 for speed too fast for conditions and 0.7 for failure 
to look or see directly. Responses are given to all limited 
access cases, but the two cases involving vehicles struck in 
the rear have negligible values, probably indicating only one 
subject responding. The remaining three mean standard devia- 
tions are 0.90, 1.36, and 2.10; and the corresponding highest 
mean ratings are 4.0, 4.4, and 5.4. The principal contribut- 
ing behavior was failure to look or see directly. 
Results of ratings of the "predisposing factor" for the 
other driver are presented in Figure 10. Data are present 
for only one random case and it is insignificantly weighted. 
The limited access mean standard deviations vary from 0.06 to 
2.20, with four of the five below 0.85. The highest mean 
ratings vary from 0.1 to 8.7 with four at or below 3.0. 
Inattention, diverted attention, asleep, and inexperienced 
drivers receive the highest mean ratings. 
Figure 11 indicates the responses to the question "what. 
factors may have been at fault in the performance of the pre- 
cipitating vehicle?" Differences among cases are smaller to 
this question than to the prlor questions. Mean standard devia- 
tions vary from 0.27 to 1.72. The highest mean ratings vary 
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from 1.1 to 4.7. The principal responses were brakes, tires 
and steering, in descending order. 
Responses to the question "what factors may have been at 
fault in the performance of the other vehicle?" are shown in 
Figure 12. Date for the three random cases in which a second 
vehicle was involved, indicate mean standard deviations from 
0.27 to 0.64 and greatest mean ratings from 1.0 to 3.1. Brakes 
were again prominent. For the limited access cases mean standard 
deviations vary from 0.31 to 1.40 and greatest mean ratings from 
0.6 to 3.9. ~arking/signaling and side visibility had high mean 
ratings for two cases each. 
Responses to Questions 11 and 12 are concerned with the 
road factors at fault for the precipitating (and other) vehicle 
(Figure 13). The magnitudes of the ratings for the limited 
access cases are considerably lower than for the randomly selec- 
ted ones. For the limited access cases mean standard deviations 
vary from 0.30 to 1.24, and highest mean ratings are low, varying 
from 0.6 to 1.8. For the random cases, mean standard deviations 
vary from 1.12 to 1.76 and highest mean ratings from 2.4 to 6.3. 
Pavement friction and sight distance each account for 4 cases with 
no significant limited access/random case distinctions. 
Responses to Question 12 (faults in the road used by the 
other vehicle) are shown in Figure 14, Mean standard devia- 
tions varied from 0.19 to 1.37 and highest mean ratings from 
0.6 to 6.8. Ratings were not made in three cases; two were 
random cases in which no second car was present. The third case 
involved a car crossing -&he median on a limited access roadway 
and striking an oncoming truck. The most frequent highest mean 
ratings were for traffic control and speed limit on limited 
access roads, but many other variables were also listed. 
Case Number 
Figure 11. Summary of response options of items receiving highest 
mean rating and overall mean standard deviation of 
responses for all cases to question 9, "Rate the abso- 
lute importance of each factor which may have been a 
fault in the performance of the precipitating vehicle." 
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Figure 12. Summary of response options of items receiving highest 
mean rating and overall mean standard deviation of 
responses for all cases to question 10, "Rate the abso- 
lute importance of each factor which may have been a 
fault in the performance of the other vehicle." 
Case Number 
Figure 13. Summary of response options of items receiving highest 
mean rating and overall mean standard deviation of 
responses for all cases to question 11, "Rate the abso- 
lute importance of each factor which may have been a 
fault in the road used by the precipitating vehicle." 
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Figure 14. Summary of response options of items receiving highest 
mean rating and overall mean standard deviation of 
responses for all cases to question 12, "Rate the abso- 
lute importance of each factor which may have been a 
fault in the road used by the other vehicle." 
INFORMATION NEEDED TO AVOID THE CRASH . 
Ques t ion  1 3  a s k s  t h e  r a t e r s  t o  a s s e s s  t h e  i n f o r m a t i o n  
needed by each  d r i v e r  t o  avoid,  t h e  c r a s h .  A b r i e f  d e s c r i p -  
t i o n  o f  t h e  c a s e s  and r e s p o n s e s  t o  Ques t ion  1 3  fo l low.  
Case 008-1. The d r i v e r  b raked  t o  a v o i d  h i t t i n g  a  d e e r  
and l o s t  c o n t r o l  s l i d i n g  o f f  t h e  roadway and s t r i k i n g  a t r e e .  
I n f o r m a t i o n  needed was r e p o r t e d  a s  knowledge of t h e  d e e r ' s  
p re sence  o r  o f  a  d e e r  c r o s s i n g  a r e a  ( 4  r e s p o n s e s ) ,  and t h a t  
t h e  maneuver would r e s u l t  i n  l o s s  o f  c o n t r o l  (2  r e s p o n s e s ) .  
Case 008-S. A speed ing  m o t o r c y c l i s t  was unable  t o  make 
a  t u r n  and sk idded  i n t o  t h e  p a t h  o f  an oncoming c a r .  The pre-  
c i p i t a t i n g ' d r i v e r  needed a  b e t t e r  warning t h a t  h i s  speed  was 
t o o  f a s t  f o r  c o n d i t i o n s  ( 5  r e s p o n s e s ) ,  and no i n f o r m a t i o n  
(2  r e s p o n s e s ) .  The o t h e r  d r i v e r  needed no i n f o r m a t i o n  
( 4  r e s p o n s e s )  and a  warning t h a t  a  v e h i c l e  was approaching  o u t  
of  l a n e  ( 3  r e s p o n s e s ) .  
Case 069. A s p e e d i n g  d r i v e r  had t o  s t e e r  t o  avo id  s t r i k -  
i n g  p e d e s t r i a n s  i n  t h e  roadway and s t r u c k  a  l i g h t  p o l e .  The 
d r i v e r  needed t o  know t h a t  h i s  speed  was t o o  f a s t  ( 4  r e s p o n s e s ) ,  
knowledge o f  t h e  p re sence  of  p e d e s t r i a n s  i n  t h e  roadway 
( 3  r e s p o n s e s ) ,  and t h a t  t h e  maneuver would r e s u l t  i n  l o s s  o f  
c o n t r o l  ( 2  r e s p o n s e s )  . 
Case 199. The p r e c i p i t a t i n g  d r i v e r ,  who had been d r i n k i n g ,  
swerved t o  avo id  s t r i k i n g  a  parked  c a r  and s t r u c k  a n o t h e r  parked  
c a r .  The d r i v e r  needed t o  know t h a t  h i s  speed  was t o o  f a s t  f o r  
t h e  cu rve  ( 3  r e s p o n s e s ) ,  an awareness  of parked  cars ( 4  r e s p o n s e s )  
and t h e  c o n t r o l  enve lope  o f  t h e  c a r  ( 2  r e s p o n s e s ) .  
Case 038. The speed ing ,  p r e c i p i t a t i n g  drunk d r i v e r  l o s t  
c o n t r o l  on t h e  wet  roadway w h i l e  o v e r t a k i n g  anothex  v e h i c l e  . 
and c r o s s e d  t h e  median, impac t ing  t h e  approaching  v e h i c l e .  The 
p r e c i p i t a t i n g  d r i v e r  needed t o  know t h a t  h e  shou ld  n o t  d r i v e  
when drunk ( 5  r e s p o n s e s ) ,  t h e  h a z a r d s  o f  wet roads  ( 3  r e s p o n s e s )  
and t o  reduce h i s  speed ( 2  r e s p o n s e s ) .  The o t h e r  d r i v e r  needed 
t o  know t h a t  t h e  p r e c i p i t a t i n g  v e h i c l e  was approaching o u t  of  
c o n t r o l  ( 3  r e s p o n s e s ) .  
Case 003.  The d r i v e r  of a  v e h i c l e  t r a v e l i n g  on t h e  i n s i d e  
l a n e  c rossed  t h r e e  l a n e s  of t r a f f i c  t o  e x i t  and was bumped by 
ano the r  v e h i c l e ,  caus ing l o s s  of c o n t r o l .  The p r e c i p i t a t i n g  
( i . e . ,  s t r i k i n g )  d r i v e r  needed no informat ion  ( 3  responses )  and 
knowledge t h a t  t h e  o t h e r  c a r  was e n t e r i n g  t h e  l a n e  on a  c o l l i -  
s i o n  course  ( 3  r e s p o n s e s ) .  The o t h e r  d r i v e r  ( t h e  one c r o s s i n g  
t o  e x i t )  needed an e a r l i e r  i n d i c a t i o n  of  t h e  e x i t  ramp 
( 7  r e s p o n s e s ) ,  and a  b e t t e r  knowledge of  t h e  presence of t h e  
o t h e r  v e h i c l e  (6  r e s p o n s e s ) .  
Case 0 6 4 .  Tke o t h e r  d r i v e r  apparen t ly  f e l l  a s l e e p  a t  t h e  
wheel and went o f f  t h e  shou lde r  and then  back on to  t h e  roadway 
s t r i k i n g  ano the r  c a r .  The p r e c i p i t a t i n g  d r i v e r  needed an 
e a r l i e r  warning of  a  c a r  approaching from t h e  s i d e  o u t  of con- 
t r o l  ( 3  r e s p o n s e s ) ,  and needed no informat ion  ( 3  r e s p o n s e s ) .  
The o t h e r  d r i v e r  needed t o  know t h a t  he was f a l l i n g  a s l e e p  and 
was about  t o  l o s e  c o n t r o l  ( 6  r e s p o n s e s ) ,  and no informat ion  
( 2  r e s p o n s e s ) .  
Case 343. The p r e c i p i t a t i n g  v e h i c l e  swerved i n t o  t h e  
median t o  r e p o r t e d l y  avoid a c a r  which p u l l e d  i n t o  h i s  l a n e .  
He then swerved back t o  avoid c o n s t r u c t i o n  f l a s h e r s  and s t r u c k  
ano the r  v e h i c l e .  The p r e c i p i t a t i n g  d r i v e r  needed knowledge of 
v e h i c l e  handl ing  l i m i t s  ( 5  r e s p o n s e s ) ,  informat ion  needed unknown 
(2  responses )  , and c o n s t r u c t i o n  zone warning ( 2  r e sponses )  . 
The o t h e r  d r i v e r  needed no informat ion  (7  r e s p o n s e s ) .  
Case 4 8 0 .  One v e h i c l e  slowed f o r  t r a f f i c  and was s t r u c k  
i n  t h e  r e a r  by ano the r  c a r .  The p r e c i p i t a t i n g  d r i v e r  needed 
an e a r l i e r  warning of slowing t r a f f i c  (7  r e s p o n s e s ) .  The o t h e r .  
d r i v e r  needed no informat ion  ( 5  r e sponses )  and knowledge t h a t  
t h e  v e h i c l e  approaching from t h e  r e a r  was n o t  reducing speed 
s u f f i c i e n t l y  ( 2  r e s p o n s e s ) .  
Case 012. A car in the second lane from the median 
inched over toward the median and was struck by the car in 
the inside lane. The precipitating driver needed to know 
that the other -driver' was intruding into his lane (4 responses) 
and that he should drive in the right lane except to pass 
(2 responses). The other driver needed to know that the pre- 
cipitating car was adjacent to him (5 responses). 
The responses to Question 13 for these 10 cases can be 
classified, in a similar manner as was done in the previous 
cases. Although there were no cases where information of 
"impending vehicle failure" was considered useful, the other 
responses can be classified by "vehicle handling," "driver 
education of accident predisposing situations," "distance and 
relative speed with respect to other vehicles or objects," and 
an additional classification, "earlier route guidance signing 
or marking of a road hazard." 
Twenty-eight of the 125 responses given indicated that 
no information was needed. These responses encompassed half 
the cases. The eleven vehicle handling responses involved 
loss of control by the precipitating driver and were given to 
4 of the accident cases. Sixteen responses in three cases were 
classified under "driver education of accident predisposing 
situations." In one case, the driver needed to know that he 
was falling asleep and was about to lose control (6 responses). 
In another case the driver should have known to drive in the 
right lane except to pass (2 responses). In the final case 
the driver needed to know that he should not drive when drunk 
(5 responses) and he should have known of the hazards of wet 
roads (3 responses) . 
Again, "distance and rel&tive speed with respect to othek 
vehicles or objects" accounted for the largest number (67%) 
of the responses concerned with the information-required by 
o t h e r  d r i v e r s .  Nine of  t h e  1 0  c a s e s  had responses  i n  t h i s  
ca tegory .  Th i s  c a t e g o r y  of  i n f o r m a t i o n a l  needs was d e r i v e d  
from t h e  fo l lowing  s i t u a t i o n s :  Vehic le  approaching o u t  of  
c o n t r o l  o r  o u t  of l a n e  (16 r e s p o n s e s ) ,  speed t o o  f a s t  
( 1 4  r e s p o n s e s ) ,  g r e a t e r  awareness of  t h e  l o c a t i o n  of  nearby 
v e h i c l e s  (11 r e s p o n s e s ) ,  and t r a f f i c  s lowing ahead (9  r e s p o n s e s ) .  
An a d d i t i o n a l  ca tegory  was added because  two c a s e s  
involved a c c i d e n t s  which might have been prevented  i f  e a r l i e r  
warning o f  r o a d  c o n d i t i o n s  had been g iven t o  t h e  d r i v e r s .  I n  
one c a s e  t h e  d r i v e r  needed an e a r l i e r  i n d i c a t i o n  of  an e x i t  
( 7  r e s p o n s e s ) .  I n  a n o t h e r  c a s e  t h e  d r i v e r  needed warning o f  
a  c o n s t r u c t i o n  zone ( 2  r e s p o n s e s ) .  Thus, t h e  c l a s s i f i c a t i o n ,  
" e a r l i e r  r o u t e  guidance s i g n i n g  o r  hazard  marking" was added. 
CONFIDENCE I N  THE DERIVED INFORMATION NEEDS. The l a s t  
q u e s t i o n  r e q u i r e d  a  numerical  assessment  of  conf idence  wi th  
which t h e  e v a l u a t o r  reached t h e  conc lus ions  t o  t h e  p rev ious  
q u e s t i o n .  conf idence  r a t i n g s  were d i s t r i b u t e d  from 49% t o  
93%, w i t h  l i t t l e  d i f f e r e n c e  between t h e  " p r e c i p i t a t i n g "  and 
" o t h e r "  d r i v e r  r a t i n g s .  
DISCUSSION 
A s  s t a t e d  e a r l i e r ,  t h e  responses  we a r e  most i n t e r e s t e d  
i n  a r e  t h o s e  t o  t h e  q u e s t i o n  "what in fo rmat ion  was needed by 
t h e  p r e c i p i t a t i n g  and o t h e r  d r i v e r - v e h i c l e  combination t o  avoid  
t h e  c r a s h ? "  The q u e s t i o n s  p r i o r  t o  t h i s  one h e l p  t h e  e v a l u a t o r  
de termine  i f  enough in fo rmat ion  i s  a v a i l a b l e  t o  answer t h i s  
q u e s t i o n  and t o  s y s t e m a t i c a l l y  examine t h e  a c c i d e n t .  
C o r r e c t  i d e n t i f i c a t i o n  of  t h e  p r e c i p i t a t i n g  and o t h e r  
v e h i c l e  was c o n s i d e r a b l y  b e t t e r  f o r  t h e  f i r s t  s e t  o f  t e n  c a s e s  
t h a n  t h e  second s e t  ( 9 6 %  vs. about  7 3 % ) .  The former c a s e s  
were s e l e c t e d  p a r t l y  on t h e  b a s i s  of e a s e  i n  i d e n t i f y i n g  t h e  
p r e c i p i t a t i n g  v e h i c l e .  However, a  r e v e r s a l  of v e h i c l e s  i s  n o t  
c r i t i c a l  because  t h e  responses  t o  t h e  o t h e r  q u e s t i o n s  can be ,  
and were,  a p p r o p r i a t e l y  r e v e r s e d  a s  needed. 
E v a l u a t o r s  though t  t h e r e  was s u f f i c i e n t  in fo rmat ion  a v a i l -  
a b l e  t o  r e c o n s t r u c t  t h e  c r a s h  sequence i n  most c a s e s ,  and t h e y  
completed t h e  q u e s t i o n n a i r e  even more f r e q u e n t l y .  Thus, enough 
in fo rmat ion  was u s u a l l y  a v a i l a b l e  from C P I R  o r  MDAI r e p o r t s  t o  
have r a t e r s  a t t e m p t  t o  complete t h e  q u e s t i o n n a i r e .  
This  should  n o t ,  however, be  taken t o  s u g g e s t  t h a t  t h e s e  
a c c i d e n t  r e p o r t s  d e a l  w i t h  t h e  p re -c rash  phase i n  t h e  d e s i r e d  
l e v e l  o f  d e t a i l .  I t  was q u i t e  c l e a r  t o  t h e  r a t e r s  t h a t  t h e  
c r a s h  i n v e s t i g a t i o n s  were d e f i c i e n t  i n  many d e t a i l s  of  t h e  
e lements  l e a d i n g  up t o  t h e  c r a s h .  
I n  reviewing t h e  c a s e s ,  no a p p a r e n t  a c t i o n  i s  taken by t h e  
p r e c i p i t a t i n g  d r i v e r  about  4 7 %  of  t h e  t ime.  S t e e r i n g  i s  p r i -  
mar i ly  involved i n  23% of t h e  c a s e s ,  b rak ing  i n  23% of t h e  c a s e s ,  
and a c c e l e r a t i o n  i n  7 %  of t h e  c a s e s .  About h a l f  t h e  t ime t h i s  
a c t i o n  was cons ide red  appropriate by t h e  r a t e r s .  
No a c t i o n  i s  taken by t h e  o t h e r  d r i v e r  about  61% of t h e  
t ime,  I t  was expected  t h a t  t h i s  frequency would be  g r e a t e r  than  
f o r  t h e  p r e c i p i t a t i n g  d r i v e r ,  because t h e  o t h e r  d r i v e r  f r e q u e n t l y  
h a s  l e s s  t ime t o  r e a c t  o r  i s  n o t  even aware of t h e  impending 
a c c i d e n t .  For t h e  o t h e r  d r i v e r  b rak ing  occur red  31% of  t h e  time 
and s t e e r i n g  8% of  t h e  t ime ,  wi th  a c c e l e r a t i o n  o c c u r r i n g  l e s s  
than  1% of t h e  t i m e .  Over two- th i rds  of t h e  time t h e  e v a l u a t o r s  
f e l t  t h a t  t h e  o t h e r  d r i v e r  a c t e d  a p p r o p r i a t e l y  i n  t a k i n g  no 
avoidance a c t i o n ,  
The major p r e c i p i t a t i n g  d r i v e r  a c t i o n  was l o s s  of c o n t r o l  
dur ing  an avoidance maneuver. The major c o n t r i b u t i n g  behav io r  
was f a i l u r e  t o  judge speed o r  d i s t a n c e ,  and e x c e s s i v e  speed.  
The major p r e d i s p o s i n g  f a c t o r  was i n a t t e n t i o n .  The f a u l t s  f o r  
t h e  o t h e r  d r i v e r  were more v a r i e d  than  f o r  t h e  p r e c i p i t a t i n g '  
d r i v e r ,  Dr ive r  a c t i o n  involvement  came p r i m a r i l y  from f a i l u r e  
t o  remove t h e  d i s a b l e d  c a r  from t h e  roadway, and l a n e  changing. 
F a i l u r e  t o  look d i r e c t l y ,  f a i l u r e  t o  use m i r r o r s ,  and f a i l u r e  
t o  s i g n a l  were major c o n t r i b u t i n g  behaviors .  The prime pre- 
d i s p o s i n g  f a c t o r  was i n a t t e n t i o n .  Evaluators  found no major 
f a u l t s  f o r  t h e  o t h e r  d r i v e r  more' f r e q u e n t l y  than  f o r  t h e  pre-  
c i p i t a t i n g  d r i v e r ,  a s  expected.  
I n  t h e  f i r s t  s e t  of c a s e s  very  few v e h i c l e  f a u l t s  were 
found i n  e i t h e r  t h e  p r e c i p i t a t i n g  o r  o t h e r  v e h i c l e .  I n  t h e  
second s e t  o f  c a s e s  cons ide rab ly  more v e h i c l e  f a u l t s  were found. 
The primary p o t e n t i a l l y  f a u l t y  systems were b rakes ,  t i r e s ,  s i d e  
v i s i b i l i t y ,  and marking/signal ing.  
Responses f o r  environmental  f a u l t s  fol lowed t h e  same course  
a s  f o r  v e h i c l e  f a u l t s ;  t h a t  i s ,  more f a u l t s  were found with t h e  
second s e t  of c a s e s .  Primary environmental  f a u l t s  were s i g h t  
d i s t a n c e ,  pavement f r i c t i o n ,  t r a f f i c  c o n t r o l ,  road des ign ,  and 
speed l i m i t .  
Informat ion  needs were c a t e g o r i z e d  by (1) warning of '  impend- 
i n g  v e h i c l e  f a i l u r e ,  ( 2 )  v e h i c l e  handl ing  t r a i n i n g ,  ( 3 )  d r i v e r  
educat ion  of  a c c i d e n t  p red i spos ing  s i t u a t i o n s ,  ( 4 )  knowledge of  
t h e  d i s t a n c e  and r e l a t i v e  speed wi th  r e s p e c t  t o  o t h e r  v e h i c l e s  
o r  o b j e c t s ,  and ( 5 )  e a r l i e r  r o u t e  s i g n i n g  o r  marking. The 
f o u r t h  ca tegory  conta ined t h e  m a j o r i t y  of c a s e s .  Based on 
t h e s e  informat ion  needs some countermeasures can be  suggested 
t o  reduce v e h i c l e  a c c i d e n t s .  
The conf idence  r a t i n g s  of t h e  in fo rmat iona l  requirements  
v a r i e d  from a  low of 10% t o  a  high of 1 0 0 % .  The o v e r a l l  mean 
was 78% f o r  t h e  2 0  c a s e s ,  i n d i c a t i n g  t h a t  r a t e r s  expressed  a  
g e n e r a l l y  good degree  of confidence i n  t h e  conclus ions .  
The cons i s t ency  i n  response  of t h e  r a t e r s  i s  an i n d i c a t i o n  
of r e l i a b i l i t y  and i s  shown by t h e  mean s t andard  d e v i a t i o n .  A 
high mean s t andard  d e v i a t i o n  i n d i c a t e s  a l a c k  of cons i s t ency  
among t h e  r a t e r s  and, consequently,  low r e l i a b i l i t y .  A low mean 
s t a n d a r d  d e v i a t i o n  i n d i c a t e s  agreement among t h e  r a t e r s  i n  
choosing responses ,  and h igh  r e l i a b i l i t y .  F igure  15 shows 
t h a t  no mean s t a n d a r d  d e v i a t i o n  was g r e a t e r  than  2 . 2 0  and 
t h a t  88  of t h e  1 0 0  mean s t a n d a r d  d e v i a t i o n s  were less than  
1.50.  Only t h r e e  of  t h e  q u e s t i o n s ,  7 A ,  9 and 11, have f i v e  o r  
s i x  mean s t andard  d e v i a t i o n s  above 1 . 0 0 .  The low mean s t a n d a r d  
d e v i a t i o n s  a r e  i n d i c a t i v e  of a  r e l i a b l e  t e s t .  
F igure  16 shows t h e  cumulat ive frequency of mean r a t i n g s  
of responses  r e c e i v i n g  t h e  h i g h e s t  mean r a t i n g s .  Nineteen 
p e r c e n t  of  t h e  mean r a t i n g s  were r a t e d  5  o r  h i g h e r ,  wi th  43% 
r a t e d  2 o r  h i g h e r ,  High mean r a t i n g s  i n d i c a t e  agreement among 
t h e  r a t e r s  i n  choosing one impor tant  f a c t o r  and agreement among 
t h e  r a t e r s  i n  r a t i n g  t h e  f a c t o r  a s  having g r e a t  importance t o  
t h e  a c c i d e n t .  Moderate o r  low mean r a t i n g s  consequently do n o t  
i n d i c a t e  a  l a c k  of  agreement among t h e  r a t e r s  i n  choosing one 
impor tant  f a c t o r  o r  a  l a c k  of  agreement i n  r a t i n g  the impor- 
t a n c e  of t h e  f a c t o r  i n  c o n t r i b u t i n g  t o  t h e  a c c i d e n t .  The r a t e r s  
do, i n  f a c t ,  ag ree  f a i r l y  w e l l  i n  choosing t h e  more impor tant  
f a c t o r s ,  a s  i s  shown by t h e  low mean s t andard  d e v i a t i o n s .  The 
low mean r a t i n g s  which do occur  u s u a l l y  i n d i c a t e  t h e  most impor- 
t a n t  f a c t o r  d i d  n o t  c o n t r i b u t e  g r e a t l y  t o  t h e  a c c i d e n t ,  f r e -  
q u e n t l y  because only  1 o r  2 s u b j e c t s  thought  t h e  f a c t o r  impor- 
t a n t .  
I n  looking a t  F igures  5-14 it i s  apparen t  t h a t  one o r  two 
f a c t o r s  f r e q u e n t l y  p lay  an impor tan t  p a r t  i n  more than  one 
a c c i d e n t .  The p r e c i p i t a t i n g  d r i v e r  f r e q u e n t l y  f a i l e d  t o  s t o p  
o r  slow i n  a  s a f e  d i s t a n c e ,  l o s t  c o n t r o l  dur ing  an avoidance 
maneuver, was d r i v i n g  too  f a s t  f o r  c o n d i t i o n s ,  was i n a t t e n t i v e ,  
o r  drunk. The o t h e r  d r i v e r ,  when he could be f a u l t e d ,  l o s t  
c o n t r o l  e x c l u s i v e  of an avoidance maneuver, f a i l e d  t o  look o r  
s e e  d i r e c t l y ,  and was perhaps i n a t t e n t i v e .  
For t h e  p r e c i p i t a t i n g  d r i v e r ,  v e h i c l e  f a c t o r s  of brakes  and 
t i r e s  were f a u l t e d ;  f o r  t h e  o t h e r  d r i v e r ,  marking and s i g n a l i n g  
0 , 5  1.0 1.5 2.0 2.2 
Mean Standard Deviation 
Figure 15. Cumulative frequency of mean standard 
deviations for questions 7-12 (from 
Figures 5-14). 
8 7 6 5 4 3 2 1 0 
Great No 
Importance Importance 
Highest Mean Rating 
Figure 16. Cumulative frequency of highest mean ratings 
for questions 7-12 (from Figures 5-14). 
Frequencies are plotted from the lower end 
of the interval, 
was most often faulted with brakes and side visibility also 
mentioned. None of these had mean response ratings above 5. 
The environmental factors which contributed to the accident 
were pavement friction and sight distance for the precipitating 
driver. Mean ratings were considerably higher for the cases 
drawn at random than for the limited access cases. No strong 
environmental factors were found for the other driver. 
CONCLUSIONS 
The accident questionnaire provides a simple means of eval- 
uating the driver-vehicle factors in the pre-crash phase of 
accidents, of structuring hypotheses of driver-vehicle perfor- 
mance failures, and of suggesting appropriate countermeasures to 
prevent accidents from occurring. With a few basic facts about 
an accident, the rater is able to fill out the questionnaire 
indicating the driver-vehicle factors contributing to the pre- 
crash phase. Results have shown that rater agreement is sakis- 
factorily high. In answering the question "what information was 
needed to avoid the crash?" the rater provides a hypothesis of 
the driver-vehicle performance failure. These failures can 
usually be placed in one of five categories: impending vehicle 
failure, vehicle handling, driver education of accident predis- 
posing situations, distance and relative speed with respect to 
other vehicles or objects, and earlier route signing and hazard 
marking. Appropriate countermeasures can be chosen based on such 
results. 
The questionnaire developed here is a tool for analyzing 
accident pre-crash phases and deriving the drivers' information 
needs. For the 20 cases analyzed, no obvious differences were 
found between the crashes which occurred on limited access high- 
ways and those on other roads. Perhaps no basic behavioral, 
vehicle or environmental differences exist on these two types 
of roads which predispose drivers to suffer crashes. Evaluation 
of a large sample of cases will help to improve definition of 
the problems underlying the events leading to a crash. 
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APPENDIX 
Pre-Crash Acc iden t  A n a l y s i s  Form 
HSRI PRE-CRASH ACCIDENT ANALYSIS FORM 
(101-108) Case Number 
(110-112) I n i t i a l s  of Evaluator  
N a m e  of Evaluator  
Date Form F i l l e d  Out 
1. I d e n t i f y  t h e  pumber of t h e  v e h i c l e  which you i n t e r p r e t  a s  t h e  
I p r e c i p i t a t i n g  d r i v e r - v e h i c l e  combination, and a s  t h e  o t h e r  
d r i v e r  v e h i c l e .  
A .  (113) 1-1 P r e c i p i t a t i n g  
B .  
( 1 1 4 ) 0  other 
2 .  Is enough informat ion  a v a i l a b l e  t o  r e c o n s t r u c t  t h e  c rash  sequence? 
(115) El Yes (116) NO 
3. Is acc iden t  avoidance taken by t h e  p r e c i p i t a t i n g  d r i v e r  c l a s s -  
i f i a b l e  by (check those  t h a t  apply)  
Braking 
S t e e r i n g  
Accelera t ion  
No Apparent Action Taken 
4. Is p r e c i p i t a t i n g  d r i v e r ' s  acc iden t  avoidance a c t i o n  appropr ia te?  
( 1 2  1) R Yes (122) No (123) No Apparent Action Taken 
5. Is acc iden t  avoidance a c t i o n  taken by o t h e r  d r i v e r  c l a s s i f i a b l e  
by (check those  t h a t  apply)  
(124) Braking 
(125) S t e e r i n g  
(126) Accelera t ion  
(127) No Apparent Action Taken 
'A " p r e c i p i t a t i n g  veh ic le"  i s  def ined a s  one which i s  approaching 
from r e a r ,  o u t  of l a n e  i n  head-on, through t r a f f i c  c o n t r o l  a t  i n t e r -  
s e c t i o n ,  
6. Is o t h e r  d r i v e r ' s  a c c i d e n t  avoidance a c t i o n  a p p r o p r i a t e ?  
( 1 3 0 ) l  No Apparent Act ion  Taken 
7. I n  each of t h e  fo l lowing  t h r e e  c a t e g o r i e s ,  r a t e  t h e  a b s o l u t e  
importance of each i n d i v i d u a l  i t em f o r  t h e  PRECIPITATING d r i v e r .  
Use numbers 0-9 w i t h  9  r e p r e s e n t i n g  g r e a t e s t  imporrance and 0  
r e p r e s e n t i n g  no importance.  D i f f e r e n t  i t ems  i n  t h e  same c a t e -  
gory may have t h e  same r a t i n g .  (Rat ings  of 0 may b e  l e f t  b lank . )  
A .  p r e c i p i t a t i n g  d r i v e r  a c t i o n  (What d i d  t h e  d r i v e r  a c t u a l l y  
do t h a t  r e s u l t e d  i n  h i s  involvement?) 
(131) F a i l u r e  t o  s t o p  o r  slow i n  s a f e  d i s t a n c e  ( r a t h e r  than  
avoid  by s t e e r i n g )  
(132) Lane change wi thou t  adequate  warning 
(133) Loss of c o n t r o l -  e x c l u s i v e  of avoidance maneuver 
(134) Loss of c o n t r o l  - d u r i n g  avoidance maneuver 
(135) Dis regard ing  ( o r  f a i l u r e  t o  heed) t r a f f i c  c o n t r o l  
(136) Stopping o r  l e a v i n g  d i s a b l e d  c a r  on road 
(137) E n t e r i n g  t r a f f i c  s t r eam wi thou t  adequate  c a u t i o n  
(138) F a i l u r e  t o  keep v e h i c l e  w i t h i n  de f ined  road bound- 
a r i  e s  
F a i l u r e  t o  avoid  o b s t r u c t i o n  ( r a t h e r  than  s t o p  o r  
s low)  
(140) Other  ( s p e c i f y )  
( 1 4 1 )  check i f  none of t h e  above 
(142) "One U known 1 
B .  c o n t r i b u t i n g  behavior  (what b e h a v i o r ( s )  c o n t r i b u t e d  t o  t h e  
a c t i o n s  d e s c r i b e d  above?) 
(143) F a i l u r e  t o  s i g n a l  maneuver 
( 1 4 4 )  Speed t o o  f a s t  f o r  c o n d i t i o n s  
(145) F a i l u r e  t o  judge speed o r  d i s t a n c e  
( 1 4 6 )  Following t o o  c l o s e l y  
(147) F a i l u r e  t o  u s e  m i r r o r s  
(148) F a i l u r e  t o  obey s i g n i n g  o r  s i g n a l s  
(149 F a i l u r e  t o  look o r  s e e  d i r e c t l y  
(150) 
(151) 
(152) Check i f  none of t h e  above 
(153) Unknown 
C.  p redispos ing f a c t o r s  (what f a c t o r s  inc reased  t h e  l i k e l i h o o d  
of t h e  d r i v e r ' s  involvement?) 
I n a t t e n t i o n  
Diverted a t t e n t i o n  
Asleep 
Drugged, drunk 
Emotionally upse t  
Medical i n c a p a c i t a t i o n  
Fat igue  
I n f i r m i t i e s ,  p h y s i c a l l y  handicapped 
Inexperienced d r i v e r  
Other ( s p e c i f y )  
Check i f  none of t h e  above 
Unknown 
"One t 
8. I n  each of t h e  fo l lowing t h r e e  c a t e g o r i e s ,  r a t e  t h e  abso lu te  
importance of each i n d i v i d u a l  i tem f o r  t h e  OTHER d r i v e r .  Use 
numbers 0-9 w i t h  r ep resen t ing  g r e a t e s t  i m m n c e  and 0 rep- 
r e s e n t i n g  no importance. D i f f e r e n t  i tems i n  t h e  same category 
may have t h e  same r a t i n g .  (Ratings of 0 may be l e f t  b lank . )  
A.  Other d r i v e r ' s  a c t i o n  (What d i d  t h e  d r i v e r  a c t u a l l y  do t h a t  
r e s u l t e d  i n  h i s  involvement?) 
(166) F a i l u r e  t o  s t o p  o r  slow i n  s a f e  d i s t a n c e  ( r a t h e r  than 
avoid by s t e e r i n g )  
(167) Lane change without  adequate warning 
(168) Loss of c o n t r o l  - exc lus ive  of avoidance maneuver 
(169) Loss of c o n t r o l  - dur ing  avoidance maneuver 
(170) Disregarding (o r  f a i l u r e  t o  heed) t r a f f i c  c o n t r o l  
(171) Stopping o r  leaving d i sab led  c a r  on road 
(172 Enter ing  t r a f f i c  s tream wi thout  adequate caut ion  
F a i l u r e  t o  keep v e h i c l e  w i t h i n  d e f i n e d  road bound- 
a r i e s  
F a i l u r e  t o  avoid  o b s t r u c t i o n  ( r a t h e r  t h a n  s t o p  o r  
slow ) 
Other ( s p e c i f y )  
\ 
check i f  none of t h e  above 
Unknown "One i 
B. C o n t r i b u t i n g  behav io r  (what behav io r  (s)  c o n t r i b u t e d  t o  t h e  
a c t i o n s  d e s c r i b e d  above?) 
F a i l u r e  t o  s i g n a l  maneuver 
Speed t o o  f a s t  f o r  c o n d i t i o n s  
F a i l u r e  t o  judge speed o r  d i s t a n c e  
Following t o o  c l o s e l y  
F a i l u r e  t o  use  m i r r o r s  
~ a i l u r e  t o  obey s i g n i n g  or  s i g n a l s  
F a i l u r e  t o  look o r  s e e  d i r e c t l y  
Wrong way d r i v i n g  
Other  ( s p e c i f y )  
1 
check i f  none of t h e  above 
Unknown 
C .  P red i spos ing  f a c t o r s  (what f a c t o r s  i n c r e a s e d  t h e  l i k e l i h o o d  
of t h e  d r i v e r ' s  involvement?)  
I n a t t e n t i o n  
Diver ted  a t t e n t i o n  
Asleep 
Drugged, drunk 
Emotional ly u p s e t  
Medical i n c a p a c i t a t i o n  
F a t i g u e  
~ n f i r m i t i e s ,  p h y s i c a l l y  handicapped 
Inexper ienced d r i v e r  
Other  ( s p e c i f y )  
\ 
Check i f  none of t h e  above 
Unknown 
"One i 
9. Rate t h e  a b s o l u t e  importance of each f a c t o r  which may have 
C 
been a  f a u l t  i n  t h e  performance of t h e  p r e c i p i t a t i n g  v e h i c l e .  
Use numbers 0-9 wi th  9 r e p r e s e n t i n g  g r e a t e s t  importance and 0 
r e p r e s e n t i n g  no importance. 
(221) Brakes (228) 
(222) T i r e s  (229) 
(223) Suspension (230) 
(224) S t e e r i n g  
(225) Headl ight ing  (231) 
(226 Marking/Signaling (232) 
(227) V i s i b i l i t y - R e a r  (233) 
V i s i b i l i t y  - Fron t  
V i s i b i l i t y  - Side  
Power -Drive 
Tra in  F a i l u r e  
Other ( s p e c i f y )  - 
None check i f  
none of 
Unknown 1 t h e  above 
Rate t h e  a b s o l u t e  importance of each f a c t o r  which may have been 
a  f a u l t  i n  t h e  performance of t h e  o t h e r  v e h i c l e .  
Brakes 
T i r e s  
Suspension 
S t e e r i n g  
Headl ight ing  
Marking/Signaling (245) 
V i s i b i l i t y  - r e a r  (246) 
V i s i b i l i t y  - Fron t  
V i s i b i l i t y  - Side  
Power - Drive 
Tra in  F a i l u r e  
Other ( s p e c i f y )  - 
check i f  
none of 
t h e  above 
11. Rate t h e  a b s o l u t e  importance of each f a c t o r  which m a y  have been 
a  f a u l t  i n  t h e  road used by t h e  p r e c i p i t a t i n g  v e h i c l e .  Use 
numbers 0-9 wi th  9 r e p r e s e n t i n g  g r e a t e s t  importance and 0 rep- 
r e s e n t i n g  no importance. 
(247) Pavement F r i c t i o n  (25 3 Speed L i m i t  
(248) De l inea t ion  (254) Geometric Design 
(249) S i g h t  Dis tance  (255) Other ( s p e c i f y )  - 
(250) T r a f f i c  Contro l  
(251) 
(256) 
"One I check i f  Route Guide Signs (257) none of (252) Light ing  Unknown t h e  above 
12. Rate the absolute importance of each.factor which may have 
been a fault in the road used by the other vehicle. 
Pavement Friction ( 2 6 4 )  
Delineation ( 2 6 5 )  
Sight Distance ( 2 6 6 )  
Traffic Control 
Route Guide Signs (267) 




None ) Check if 
Unknown 1 none of the ahove 
13. What information was needed by the precipitating and other -
driver-vehicle combination to avoid the crash? If YOU deter- 
& 
mine that no information was needed write "none", 
A. Precipitating: 
B. Other: 
1 4 .  Express the degree of confidence (in percent)* that you have 
in the correctness of the conclusions drawn in question 13. 
Precipitating % Confidence 
Other % Confidence 
"100% = maximum confidence, 0% = minimum confidence. 

